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(12)PATENT ABSTRACTS OF JAPAN(A) 

(ll)Publicatioii number : 07-072473 
(43)Date of publication of application : 17.03.1995 
(51)Int.CL G02F 1/1335 G02F 1/1343 G02F 1/136 

(21) Application number : 05-240406 (71)Applicant : SONY CORP 

(22) Date of filing : 01.09.1993 (72)Inventor : INOUE YUKO 
(54) COLOR LIQUID CRYSTAL DISPLAY DEVICE 

(57) Abstract : PURPOSE: The present invention relates to a color liquid crystal display device, 
to prevent the drop of effective voltage applied to liquid crystal by improving the pixel electrode 
arrangement in an on-chip color filter structure. 

CONSTITUTION: This color liquid crystal display device has a panel structure consisting of a 
pair of main substrate 0 and opposite substrate 11 and a liquid crystal layer 13 interposed between 
the two substrates. The main substrate 0 includes switching elements consisting of pixel 
electrodes 9, color filters 7 and TFTs. The opposite substrate 11 includes a coxmter electrode 10 
formed thereon. Also, the color filters 7 consist of electropeposited films deposited on pattemed 
ground surface electrode 6 electrically connected to the TFTs. The pixel electrodes 9 consist of 
transparent conductive films which are electrically connected to the TFTs and are pattemed and 
formed on the color filters 7. In addition, the color filters 7 are segmented to every three primary 

1 




if ... 

colors and are arranged in a matrix form. Black masks 8 are formed approximately at the same 

thickness between the blocks. 

[Claiin(s)] 

[Claim 1] A color liquid crystal display device comprising: 

a panel structure which consists of a pair of a main substrate and an opposite substrate, and a liquid 
crystal layer that intervenes among the two substrates, the main substrate including pixel electrodes, 
color filters and switching elements, the opposite substrate including a counter electrode, 
wherein the color filters consist of electropeposited films deposited on pattemed ground surface 
electrode electrically connected to the TFTs, and the pixel electrodes consist of transparent 
conductive films which are electrically connected to the TFTs and are pattemed and formed on the 
color filters. 

[Claim 2] The color liquid crystal display device of claim 1, wherein the color filters are segmented 
to every three primary colors and are arranged in a matrix form, and black masks are formed 
approximately at the same thickness between the blocks. 

[Claim 3] The color liquid crystal display device of claim 1, wherein the switching element is a top 
gate TFT. 

[Claim 4] The color liquid crystal display device of claim 1, wherein the switching element is a 
bottom gate TFT. 
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[Claim 5] The color liquid crystal display device of claim 1, wherein the switching element is MIM. 

[Claim 6] A method for fabricating a color liquid crystal display device comprising: 

a first process for forming wiring and switching elements on a main substrate by accimiulation; 

a second process for patterning a substrate electrode being electrically connected with each of the 

switching elements by contact; 

a third process for removing the substrate electrode and covering the surface of main substrate with 
resist; 

a fourth process for electrodepositing a color filter in three primary colors altemately by energizing 
through the switching element to the exposed substrate electrode; 

a fifth process for patterning a pixel electrode on the color filter after removing the resist , the pixel 
electrode being electrically connected with the switching electrode in state of having the contact 
therebetween after removing the resist; and 

a sixth process for bonding the main substrate to an opposite substrate at a predetermined gap, and 
sealing the liquid crystal. 

[Claim 7] The method of claim 6, further comprising the process for forming a black mask in a rear 
surface exposing method between the color filters formed in the division arrangement of matrix 
type. 

[Detailed Description of the Invention] 
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[0001] 

[Industrial Application) This invention relates to a color liquid crystal display. It is related with 
the color liquid crystal display of the active-matrix type with which the pixel electrode, the 
switching element, the color filter, etc. are accumulatively formed on the same substrate in more 
detail. It is related with the formation technique of a color jSlter in more detail. 
[0002] 

[Description of the Prior Art] In order to clarify the backgroimd of this invention first, with 
reference to drawing 10, the general configuration of an active matrix liquid crystal display is 
explained briefly An active matrix liquid crystal display has a pixel electrode 101 arranged in the 
shape of matrix. Moreover, a thin film transistor (TFT) 102 is also formed as a switching element 
which drives each pixel electrode 101. Then, a gate line 103 which chooses TFT as each space of 
the pixel electrode 101 for every line is arranged, and a signal line 104 for supplying a picture 
signal between each file of the pixel electrode 101 is arranged. While a drain of the thin film 
transistor 102 is connected to the corresponding pixel electrode 101, a source is connected to the 
signal line 104, and a gate is fixrther connected to the gate line 103. Moreover, a gate insulation 
film in the extension of a drain field is formed of a dielectric film, thereby forming a storage 
capacitance 106. In addition, the gate of the thin film transistor 102, the gate line 103, and a 
storage capacitance line 105 are formed at the same time, for example, which are formed of 
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polycrystalline silicon films doped with impurity. 

[0003] Drawing 11 shows other conventional configurations of an active matrix liquid crystal 
display device. In this active matrix liquid crystal display device, a pixel electrode 201 is arranged 
in the shape of a matrix. As a switching element which drives each pixel electrode 201, an MIM 
diode 202 is used in this conventional example. Then, a signal line 204 for supplying a picture 
signal between each file of the pixel electrode 201 is arranged, hi this state, one terminal of the 
MIM diode 202 is connected to the corresponding pixel electrode 202, and the other terminal of the 
MIM diode 202 is connected to the signal line 204. The MIM diode 202 and the pixel electrode 
201 are formed on a main substrate, and an address line 203 is formed on an opposite substrate. 
The address line 203 is in perpendicular to the signal line 204. 

[0004] In order to colorize the active matrix liquid crystal display mentioned above, it is necessary 
to form the color filter of RGB three primary colors corresponding to each pixel electrode. 
Drawing 12 is the typical sectional view of showing the conventional structure of the colorized 
active matrix liquid crystal display. As shown in FIG 12, a top gate-type TFT 302 is formed on an 
inner surface of a main substrate 301, wherein the top gate-type TFT 302 serves as a switching 
element. Also, a pixel electrode 303 is connected with a drain D of the top gate-type TFT 302. 
Also, a signal electrode 304 is connected with a source of the top gate-type TFT 302. Then, an 
opposite substrate 305 is formed at a predetermined gap with the main substrate 301. In the 
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internal surface of the opposite substrate 305, there is a color filter 306 being in correspondence 
with the pixel electrode 303. Also, a black mask 307 is formed so as to shield the top gate-type 
TFT 302. Then, a counter electrode 308 is formed on the color filter 306 and the black mask 307. 
Between the main substrate 301 and the opposite substrate 305, there is a liquid crystal layer 309 
which is aligned by twisted nematic. This conventional example forms the color filter in the 
opposite substrate, using the top gate TFT as the switching element. 

[0005] Drawing 13 is the typical sectional view showing other conventional examples. It has the 
same structure as the conventional example fiindamentally shown in drawing 12, and the 
corresponding reference number is given to the part which corresponds in order to make an 
understanding easy. However, instead of the top gate-type TFT as the switching element, a bottom 
gate-type TFT 312 is used as the switching element. Also, in the same way as the conventional 
example of FIG 12, a color filter 306 is formed on an opposite substrate 305. 

[0006] Drawing 14 is the typical sectional view showing the conventional example of fiirther others. 
The fimdamental configuration is the same as that of the conventional example shown in drawing 
12, and has given the corresponding reference number to the part which corresponds in order to 
make an understanding easy. A different point is having used an MIM diode 322 as a switching 
element. On a main substrate 301, a signal line 324 arranged in line is pattemed. Also, a 
counter electrode 328 of an address line in stripe is pattemed on an opposite substrate 305. In this 
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case, a color iBlter 306 is formed on the opposite substrate. 

[0007] Unlike three conventional examples explained previously, drawing 15 expresses another 
conventional example in which a color filter was formed on a main substrate. This structure is 
referred to as an on-chip color filter. In this case, a bottom gate-type TFT is used as a switching 
element, and the fundamental configuration is the same as that of the conventional example shown 
in drawing 13, and has given the corresponding reference number to the part which corresponds in 
order to make an understanding easy. In this conventional example, a color filter 306 is formed in 
correspondence with a pixel electrode 303. Also, this on-chip color filter 306 is formed by the 
electrodeposition process. Moreover, a black mask 307 is formed so that the bottom gate-type 
TFT 312 and signal line 304 may be shielded. 

[0008] Drawing 16 is the typical sectional view showing other conventional examples of an on-chip 
color filter. In this example, an MIM diode is used as a switching element, and the fimdamental 
configuration is the same as that of the previous conventional example shown in drawing 14, and 
has given the corresponding reference nimiber to the part which corresponds in order to make an 
understanding easy. Also, in this conventional example, a color filter 306 is formed in 
correspondence with a pixel electrode 303 by the electrodeposition process. In addition, a black 
mask 307 is formed so that the MIM diode 322 and signal line 324 may be shielded. As 
mentioned above, the conventional example of the on-chip color filter by the electrodeposition 
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process shown in drawing 15 and drawing 16 is indicated by JP,63-53520,A, JP,62-55523,A, JP,2- 

81025,A, etc. 

[0009] 

[Problem(s) to be Solved by the Invention] The color filter and the black mask are formed on the 
opposite substrate in the conventional example shown in drawing 12, drawing 13, and drawing 
1414. According to the alignment precision with the pixel electrode formed on the main substrate, 
an aperture ratio may be largely changed. Moreover, the aperture ratio is influenced by the 
flatness of color filter, the dimensional accuracy, the flatness of main substrate having the switching 
element. The aperture ratio is largely changed by the minuteness of the active matrix LCD device. 
Accordingly, it is necessary to avoid the sacrifice of the aperture ratio by factors other than pattern 
precision if possible. However, when forming a color filter on an opposite substrate, in order that 
surface flatness and dimensional accuracy may produce a good detailed color filter, the technical 
problem that cost becomes very high occurs. 

[0010] On the other hand, in case of the on-chip color filter shown in drawings 15 and 16, in order 
to form the color filter of insulating material of 1, 5m above the pixel electrode by the 
electrodeposition process, it is necessary to apply a driving voltage to the liquid crystal layer 
through the insulating material. Accordingly, an effective voltage applied to the liquid crystal 
layer becomes low, it may generate the problem in respect to the contrast and power consumption. 
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[Means for Solving the Problem] This invention aims at offering the on-chip color filter structvire 
of alignment needlessness in view of the technical problem of the prior art mentioned above, 
without causing the fall of contrast, and the increase of power consumption. Moreover, it aims at 
offering the color filter which was excellent in svirface flatness and dimensional accuracy with low 
cost, and improving the aperture ratio of high resolution and a high definition active matrix liquid 
crystal display. The following means are provided in order to attain this purpose. That is, the 
color liquid crystal display of this invention has the panel structure which consists of a pair of main 
and opposite substrates, and a liquid crystal layer that intervenes between the two substrates 
fundamentally. The pixel electrode, the color filter, and the switching element are formed on the 
main substrate, and the coimter electrode is formed on the opposite substrate. As a description 
matter of this invention, the color filter consists of an electrodeposited film foraied on the substrate 
electrode pattemed by the electric connection with the switching element, and the pixel electrode 
consists of transparence electric conduction film pattemed on the electrodeposited film. Preferably, 
the color filter is divided for every three primary colors, and is arranged in the shape of matrix, and 
the black mask is formed by abbreviation same thickness between partitions. At this time, it is 
possible that the switching element is formed of the top gate-type TFT, the bottom gate-type TFT, 
or the MEM diode. 

[0012] The color liquid crystal display having this configuration is produced by the following 
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manufacturing process. In the first process, accumulation formation of wiring and the switching 
element is first carried out on the main substrate. Li the second process, patteming formation of 
the substrate electrode which is electrically connected to each switching element through contact is 
carried out. In the third process, the main substrate fi"ont face is covered with a resist after 
removing the substrate electrode. In the fourth process, it energizes through a switching element 
to the exposed substrate electrode, and a color filter in three primary colors is electrodeposited 
altematively. In the fifth process, after removing the resist, patteming formation of the pixel 
electrode is carried out on this color filter so that electrical connection may be carried out to the 
switching element through contact. Finally, in the sixth process, an opposite substrate is bonded to 
the main substrate at a predetermined gap, and liquid crystal is provided to and sealed in this gap. 
Preferably, the process which forms a black mask by the rear surface exposing method between the 
color filters formed in the division arrangement of matrix type is carried out. 
[0013] 

[Function] According to this invention, unlike the conventional on-chip color filter stmcture, the 
substrate electrode is formed previously and then the color filter is formed with the substrate 
electrode by the electrodeposition. Accordingly, the pixel electrode is directly connected with the 
liquid crystal layer, thereby preventing the fall of effective driving voltage. Moreover, the color 
filter using the electrodeposition process is excellent in surface flatness and dimensional accuracy. 
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Furthermore, the production cost of the color filter formed by the electrodeposition process is low. 
By producing the color filter under the pixel electrode using this electrodeposition process, the 
surface of main substrate becomes flat. In addition, implementation of an on-chip color filter and 
an on-chip black mask is attained by low cost at coincidence, without having a bad influence on 
contrast or power consumption. 
[0014] 

[Example] This invention will be explained with reference to the drawings as follows. Drawing 1 
is the typical fragmentary sectional view showing the color liquid crystal display device according 
to the first embodiment of the present invention. First, a poly-silicon film (or amorphous silicon 
film) 1 of the predetermined pattern is formed on a main substrate 0 of insulating material, for 
example, glass or quartz. Then, a top gate-type TFT is formed by making the poly-silicon film 1 
as a device area, wherein the top gate-type TFT fiinctions as a switching element. Then, a gate 
electrode 3 is formed on the poly-silicon film 1 through a gate insulating film 2. Simultaneously, a 
gate line and a storage capacitance line (not shown) are formed together. Thereon, an interlayer 
insulation film 4 of PSG and a signal line 5 of conductive material such as aluminum are 
sequentially formed. In the meantime, a substrate electrode 6 is formed of a transparent 
conductive film such as ITO. Then, a color filter 7 is formed of an electrodeposited film in 
correspondence with the substrate electrode 6. Also, a black mask 8 is formed on the portion 
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except the color filter 7. The surface of the black mask 8 and a color filter 7 is at the same level, 
and the main substrate 0 is flat. Afl:er that, a pixel electrode 9 is formed in correspondence with 
the color filter 7. The pixel electrode 9 is electrically connected with a drain D of the top gate- 
type TFT by contact. The pixel electrode 9 and the substrate electrode 6 are formed of transparent 
conductive films of ITO. 

[0015] Then, an opposite substrate 11 is positioned at a predetermined gap fi-om the main substrate 
0, wherein the opposite substrate 1 1 is formed of an insulating material such as glass. In this state, 
a counter electrode 10 of ITO is formed on the entire inner surface of the opposite substrate 11. 
Then, an alignment film 12 of polyimide is coated on the surface of the counter electrode 10, and 
the alignment process is performed thereon. In the meantime, an alignment film 12 is also formed 
on the irmer surface of the main substrate 0. In the predetermined gap between the two substrates, 
a liquid crystal layer 13, aligned by twisted nematic, is formed, thereby completing an active matrix 
type color liquid crystal display device. 

[0016] Referring to drawing 2 and drawing 3, the method for fabricating the color liquid crystal 
display device of FIG 1 will be explained in detail. In the process A of drawing 2, the TFT, the 
signal line 5, and the substrate electrode 6 are directly formed on the main substrate (not shown) by 
the semiconductor process. Then, the predetermined portion of the main substrate except the 
substrate electrode 6 is covered with resist 14. In this state, the contact CON of the drain of the 
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TFT is also included to the covered portion. Next, if the signal line 5 corresponding to the pixel of 
green (G) is electrically chosen in Process B and then the electrodeposited processing is performed, 
the color filter 7 of the green G electrodeposited film is formed in correspondence with the substrate 
electrode 6. This electrodeposited processing is immersed in the tub containing the 
electrodeposited bath liquid colored Green in a coated object, energizes a direct current under 
conditions suitable between counter electrode plates, and forms the electrodeposited film colored in 
the coated object. The once formed electrodeposited film has lost the conductivity by prebaking. 
The electrodeposited bath liquid can be used of the anion mold which is the water solution or water 
dispersion of giant-molecule resin distributed with the color pigment, for example, the anion mold 
formed by neutralizing the polyester resin having carboxyl group with the organic amine. Also, as 
a coloring matter, the quality of color filter is secured by the precision distribution using an organic 
pigment. 

[0017] In the Process C, the signal line corresponding to the pixel of red (R) is chosen electrically, it 
is immersed in the electrodeposited liquid of red, and the red color filter 7 is formed. In this state, 
the electrodeposited film of red is not adhered to the electrodeposited film of green in piles since 
the electrodeposited film of green has lost its conductivity by prebaking. In the same way, the 
electrodeposited film of blue is also formed in the corresponding pixel region. This baking is 
performed in the phase where all the color filters of RGB three primary colors are formed. Next, 
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the used resist 14 is exfoliated in the process D, and the contact CON is exposed. In the process E 
of drawing 3, the pixel electrode 9 is patterned in correspondence with each color filter 7. The 
pixel electrode 9 is electrically connected to the drain D of the top gate-type TFT by the CON. 
Subsequently, in the process F, the black mask 8 is partially formed by the rear surface exposing 
method using the RGB color filter as a light-shielding film. The rear surface exposing method 
utilizes the RGB color filter as the light-shielding film of ultraviolet rays, adjusts it in the gap 
section between RGB color filters, and forms the black mask 8 on the main substrate. By 
adjusting the quantity of light of ultraviolet rays, the thickness of the black mask 8 can be controlled 
and membranes can be formed to the same thickness as the RGB color filter. The charge of black 
mask material mainly consists of mixture of a photo-sensitive resin and a black coloring matter. In 
addition, a black mask is not formed on the signal line 5 of the light-shielding characteristics. 
Finally, where all the signal lines are chosen in the process G for flattening the surface of the main 
substrate, it is immersed in the electrodeposited liquid of black, and other black masks 8 are 
deposited on the signal line 5. In addition, this process G may be carried out prior to the process F 
mentioned above. When appljdng the voltage to all the signal lines, the TFT is in the non-switch- 
on state, so that the voltage is not applied to the pixel electrode 9. 

[0018] According to the above processes, PR process which increases in order to produce the color 
filter and the black mask can be managed in one time. For this reason, production of the on-chip 
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color filter is considerably attained by low cost. Moreover, since the pixel electrode is formed on 
the on-chip color filter, there is also no loss of the driving voltage applied to liquid crystal. 
Furthermore, the flattening of the main substrate is also realized by depositing the color filter on the 
main substrate having the thin film transistor. In addition, since it becomes uimecessary to 
perform the alignment process to the opposite substrate, the aperture ratio is improved. When the 
on-chip color filter is fabricated by the aforementioned process, the black mask is adhere to the 
pixel (luminescent-spot defective pixel) having the defective TFT therein. Accordingly, a 
luminescent-spot defect tums into a dead spot and the dead spot stops being conspicuous, whereby 
the image quality improves and it leads to a yield improvement. 

[0019] Drawing 4 is the typical fi"agmentary sectional view showing the color liquid crystal display 
device according to the second embodiment of the present invention. As shown in drawing 4, a 
gate line 31 is formed on a main substrate 30, wherein the main substrate 30 is formed of an 
insulating material such as glass or quartz. The gate line 31 is formed by patterning a conductive 
film such molybdenum and tungsten alloy to the predetermined shape. Then, two film gate 
insulation films 32 and 33 are formed to cover the gate line 31. Thereon, a poly-silicon film (or 
amorphous silicon film) 34 of the predetermined pattem is formed. In this case, a bottom gate- 
type TFT is formed by making the poly-silicon film 34 as a device area. On the poly-silicon film 
34, an insulating film 35 of diacidized silicon is formed in correspondence with the gate line 31. 



By using the insulating film 35 as an etching stopper, an n-type silicon film 36 is fomied in the 
predeteraiined pattem, which is used as soxu*ce and drain of the bottom gate-type TFT. By 
performing the electric connection to the source, a signal line 37 is formed. Also, the electric 
connection is performed to the drain, thereby forming a substrate electrode 38. Then, a color filter 
39 of electrodeposited film is formed on the substrate electrode 38. Also, a black mask 40 is 
formed in the other portions except the color filter 39. After that, a pixel electrode 41 is 
correspondingly formed on the color filter 39. The pixel electrode 41 is electrically connected 
with the drain of bottom gate-type TFT. 

[0020] Next, an opposite substrate 43 of glass is formed in opposite to the main substrate 30, 
wherein the opposite substrate 43 has a coimter electrode 42. Then, an alignment film 44 is coated 
on the inner surface of each of the main substrate 30 and the opposite substrate 43, and a liquid 
crystal layer 45 is formed between the two substrates, thereby completing an active matrix type 
LCD device. 

[0021] Referring to drawings 5 and 6, the method for fabricating the color liquid crystal display 
device according to the second embodiment of the present invention will be described as follows. 
First, in the process A of drawing 5, the bottom gate-type TFT, the signal line 37 and the substrate 
electrode 38 are directly formed on the main substrate. Then, the predetermined portion of the 
main substrate except the substrate electrode 38 is covered with resist 14. In this state, the covered 
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portion includes the bottom gate-type TFT and the signal line 37. Next, after the signal line 37 
corresponding to the pixel of green (G) is electrically chosen in the process B and the corresponding 
bottom gate-type TFT is electrically charged, the main substrate is immersed into the green 
electrodeposited liquid, thereby forming the green color filter 39. After that, there is requirement 
for unconduction of the non-prebaked color filter 39. In the process C, the color filter of red is 
formed to the predetermined substrate electrode with the same electrodeposition process. 
Furthermore, the blue color filter also forms membranes. In addition, the order of forming the 
color filter is not limited in order of green, red and blue. After electrodepositing all three RGB 
color filters, the baking process is performed. In the process D, the unnecessary resist is exfoliated, 
and the bottom gate-type TFT is exposed. Subsequently, the pixel electrode 41 is formed in 
correspondence with the color filter 39 in the process E of drawing 6. The pixel electrode 41 is 
electrically connected with the drain of TFT. In the process F, the black mask 36 is formed by the 
rear surface exposing method by using the RGB color filter as a light-shielding film. In addition, 
the black mask 36 cannot be formed in the field of the signal line 37 when the rear surface exposing 
method is used. Finally, the predetermined voltage is applied to the signal line 37 in the process G, 
and then it is immersed into the electrodeposited hquid of black, so that another black mask 36 is 
deposited on the signal line 37. 

[0022] Referring to drawing 7, the color liquid crystal display device according to the third 
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embodiment of the present invention will be explained as follows. As shown in drawing 7, a 
bottom electrode 51 of the predetermined pattern is formed on a main substrate 50, wherein the 
bottom electrode 51 is formed of an insulating material such as glass or quartz. The bottom 
electrode 51 is formed of metal such as tantalum. Also, an insulating film 52 is formed in an 
anode oxidation method. In the case, the insulating film 52 is formed of a tantalum oxide film. 
Also, a substrate electrode 53 is formed adjacent to the bottom electrode 51. Also, an upper 
electrode 54 is formed to connect the substrate electrode 53 and the bottom electrode 51 to each 
other. The upper electrode 54 is formed of metal such as chrome. Then, a color filter 55 of 
electrodeposited film is formed on the substrate electrode 53. Also, a black mask 56 is formed 
between each of the color filter 55. After that, a pixel electrode 57 is patterned in correspondence 
with the color filter. The pixel electrode 57 is electrically connected with the substrate electrode 
53 by contact. 

[0023] Next, an opposite substrate 59 is formed at a predetermined interval fi-om the main substrate 
50. In this case, a coimter electrode 589 (address line) alternately arranged in a matrix type is 
formed on the inner surface of the opposite substrate 59. Also, an alignment film 60 is formed on 
the inner surface of each of the main substrate 50 and the opposite substrate 59. Then, a liquid 
crystal layer 61 is formed in the predetermined interval between the two substrates, thereby 
completing the color liquid crystal display device. 
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[0024] Referring to FIG. 8 and FIG. 9, a method for fabricating the color Uquid crystal display 
device according to the third embodiment of the present invention will be described as follows. In 
the process A of drawing 8, MIM diode and the substrate electrode 53 are formed on the main 
substrate. As described above, the MIM diode is formed of three layers of the bottom electrode 51, 
the insulating film 52, and the upper electrode 54. Also, the predetermined contact area CON is 
covered with resist 62. In the process B, a signal line corresponding to the pixel of green is chosen 
electrically, it is immersed in the electrodeposited liquid of green, and the green color filter 55 is 
electrodeposited on the substrate electrode 53. Subsequently, in the process G, the signal line 
corresponding to the pixel of red is selectively chosen, it is immersed in the electrodeposited liquid 
of red, and the red color filter 55 is electrodeposited. After that, the color filter of blue 
electrodeposited film is formed. This baking is performed in the phase of forming all the color 
filters of RGB three primary colors. 

[0025] Next, the unnecessary resist is exfoliated in the process D, and the contact field CON is 
exposed. In the process E of drawing 9, the pixel electrode 57 is patterned on the color filter 55. 
In the meantime, the pixel electrode 57 is electrically connected with the substrate electrode 53 by 
the contact field CON. In the process F, the black mask 56 is formed in the rear surface exposing 
method by using the RGB color filter as a light-shielding film. 

[Effect of the Invention] According to this invention, the substrate electrode is formed previously 
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and the color filter is formed on the substrate electrode by the electrodeposition process. Then, the 
pixel electrode is formed in correspondence with the color filter. The pixel electrode is directly 
connected with the liquid crystal layer, and it is possible to prevent the fall of effective voltage 
applied to the liquid crystal layer. Accordingly, it is possible to prevent the decrease of contrast 
and the increase of power consumption. Also, the color filter formed by the electrodeposition 
process is excellent in the surface flatness, whereby the entire surface of the main substrate is flat. 
Moreover, the electrodeposition process has the advantages characteristics of the decreased PR 
process and low cost. In addition, since the on-chip color filter is directly formed on the main 
substrate, it has the great dimensional accuracy. Also, even if the pixel of the LCD device 
becomes smaller, it is possible to prevent the aperture ratio fi-om being lowered. In case of the 
color liquid crystal display device, the high resolution and high aperture ratio are obtained. 
Furthermore, the black mask is formed by the electrodeposition method, so that the luminescent- 
spot defective pixel can be converted into the dead-spot pixel, and the effectiveness of raising 
image grade very much is also acquired. 
[Brief Description of the Drawings] 

[Drawing 1] Drawing 1 is the partially cross sectional view of the color liquid crystal display device 
according to the first embodiment of the present invention. 

[Drawing 2] Drawing 2 is the fabrication process view of the color liquid crystal display device 
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according to the first embodiment of the present invention. 

[Drawing 3] Drawing 3 is the fabrication process view of the color liquid crystal display device 
according to the first embodiment of the present invention. 

[Drawing 4] Drawing 4 is the partially cross section view of the color liquid crystal display device 
according to the second embodiment of the present invention. 

[Drawing 5] Drawing 5 is the fabrication process view of the color liquid crystal display device 
according to the second embodiment of the present invention. 

[Drawing 6] Drawing 6 is the fabrication process view of the color liquid crystal display device 
according to the second embodiment of the present invention. 

[Drawing 7] Drawing 7 is the cross section view of the color liquid crystal display device according 
to the third embodiment of the present invention. 

[Drawing 8] Drawing 8 is the fabrication process view of the color liquid crystal display device 
according to the third embodiment of the present invention. 

[Drawing 9] Drawing 9 is the fabrication process view of the color liquid crystal display device 
according to the third embodiment of the present invention. 

[Drawing 10] Drawing 10 is the equivalent circuit view of the active matrix type LCD device 
according to one type of the related art. 

[Drawing 11] Drawing 11 is the equivalent circuit view of the active matrix type LCD device 
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according to another type of the related art. 

[Drawing 12] Drawing 12 is the cross sectional view of the color liquid crystal display device 
according to one type of the related art. 

[Drawing 13] Drawing 13 is the cross section view of the color liquid crystal display device 
according to another type of the related art. 

[Drawing 14] Drawing 14 is the cross section view of the color liquid crystal display device 
according to another type of the related art. 

[Drawing 15] Drawing 15 is the cross section view of the color liquid crystal display device 
according to another type of the related art. 

[Drawing 16] Drawing 16 is the cross section view of the color liquid crystal display device 
according to another type of the related art. 
[Description of Notations] 

0 The Main Substrate 

1 Poly-silicon Film 

2 Gate Insulation Film 

3 Gate 

4 Interlayer Insulation Film 

5 Signal Line 
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6 Substrate Electrode 

7 Color Filter 

8 Black Mask 

9 Pixel Electrode 

10 Counter electrode 

11 Opposite Substrate 

12 Alignment Film 

13 Liquid Crystal Layer 
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